Introduction
An arteriovenous fistula (AVF) is the preferred hemodialysis vascular access due to its association with superior health outcomes [1] [2] [3] . AVFs have longer patency, decreased risk of infection and thrombosis, better blood flow, and lower risk of morbidity and mortality compared to both arteriovenous grafts (AVG) and central venous catheters [1] [2] [3] [4] [5] [6] [7] [8] [9] . Regardless of the noted benefits, the prevalence of AVF use in US patients beginning hemodialysis therapy is low and has been reported to be lower among black and female patients compared to white and male patients, respectively [5, [10] [11] [12] .
The reasons for the low prevalence and differences in AVF use are poorly understood. Demographic factors, individual health status, health insurance, pre-ESRD care and geographic location may be associated with the prevalence of AVF use among incident hemodialysis patients and contribute to differences in AVF use [10, 11, [13] [14] [15] [16] . The effect of these factors on the prevalence of AVF use and differences in AVF use among incident hemodialysis patients is not well documented.
Few studies have evaluated factors related to AVF use among incident US hemodialysis patients in large cohorts [10, 13, 14, 16] . To our knowledge, no study has assessed factors associated with racial and gender differences in AVF use among incident hemodialysis patients. The purpose of this report is to extend observations on the asso-ciation of both modifiable and non-modifiable factors on AVF use among incident ESRD patients in the United States and to describe the impact of these factors on racial and gender differences in AVF use in a population-based cohort of dialysis patients.
Methods

Study Population
The study population included black and white adult (aged 6 18 years) patients who initiated hemodialysis therapy between June 1, 2005 
Demographic and Health Characteristics
Demographic and health characteristics used in our analysis included race (black, white), gender, age, BMI, diabetes reported as the primary cause of ESRD, diabetes as a comorbid condition not indicated as the underlying cause of ESRD, other selected comorbid conditions and disability status. BMI was calculated as weight (kg)/height (m) 2 and classified according to the World Health Organization as underweight (BMI ! 18.5), normal (BMI 18.5 to ! 25), overweight (BMI 25 to ! 30), obese (BMI 30 to ! 40) and very obese (BMI 6 40) [17] . Selected comorbid conditions included congestive heart failure, atherosclerotic heart disease, peripheral vascular disease, amputation and tobacco use (current smoker). Patients with missing comorbid information were classified as not having the condition. Disability status variables included: inability to ambulate, inability to transfer, needs assistance with daily activities and residence in a nursing home.
Socio-Economic Factors
Prior employment status was categorized into three categories: unemployed, employed/homemaker/student, and retired due to age or preference/retired due to disability/medical leave of absence from the 2728 form. Health insurance status at dialysis initiation was categorized as uninsured and insured. Individuals were defined as uninsured if their current medical coverage listed on the 2728 form was 'none' and insured if they had any type of insurance reported on the 2728 form.
Pre-ESRD Nephrology Care
Pre-ESRD nephrology care was assessed from the CMS 2728 form question 'Prior to ESRD therapy: Was patient under care of a nephrologist?' Pre-ESRD nephrology care was categorized as no care, unknown care, less than 6 months, 6-12 months and greater than 12 months.
AVF Use at Initiation of Dialysis
Incident vascular access use was assessed from the CMS 2728 form questions: 'What access was used on first outpatient dialysis?' and 'Provide vascular access information as to the type of access used (AVF, AVG, catheter (including port device) or other type of access) when the patient first received outpatient dialysis.' Incident patients were defined as using an AVF or other access for first outpatient dialysis.
Statistical Analysis
Descriptive statistics means, medians and proportions and associations were assessed using 2 tests and the Mann-Whitney test. Multivariate logistic regression analyses were used to assess the association between AVF use and patient level factors. We sequentially entered demographic, comorbid conditions, disability status, pre-ESRD nephrology, health insurance status and ESRD network in multivariate models to assess factors associated with racial and gender differences in AVF use. Due to multicollinearity in the adjusted models, the variables 'inability to transfer' and 'prior employment status' were removed from the adjusted models. The removal of these variables did not affect the model fit.
We repeated these analyses using generalized estimating equations (GEE) to control for facility clustering effects of AVF use. A small correlation in AVF use was found between the incident patients within the dialysis facility; therefore, we used GEE to analyze outcome variables that have dichotomous correlated responses in order to avoid incorrect inferences. The Genmod procedure in SAS was used to perform the GEE regression analysis, which produced clustered robust standard errors that correct for within-facility correlation of AVF use among patients. All data analyses were performed using SAS version 9.1 software (SAS Inc., Cary, N.C., USA).
Results
Of 28,918 incident hemodialysis patients, 206 patients were excluded because they were missing initial outpatient vascular access information, leaving 28,712 patients. Of these, 13,113 (45.7%) were black and 15,599 (54.3%) were white; 13,303 were females (46.3%) and 15,409 were males (53.3%). Incident AVF use was reported among 3,335 incident patients (11.7%). Black patients were 11% less likely than whites to use an AVF at dialysis initiation AVF use included both younger and older age, lower BMI, comorbidity due to diabetes, congestive heart failure and previous amputation. Patients who were reported to have an inability to ambulate or transfer, needed assistance with daily activities, or institutionalized in a nursing home had lower incident AVF use as did patients who were unemployed or who lacked health insurance ( table 1 ).
In contrast, pre-ESRD care was associated with increased incident AVF use ( M odel components only included factors with p value ≤0.10 in the bivariate analyses for both AVF and race. All GEE models account for facility clustering effects. Demographics = age and gender. Comorbid condition and disability = diabetes as cause of ESRD, BMI, comorbid conditions (congestive heart failure, amputation, diabetes), disabilities (inability to ambulate, needs assistance with daily activities, resides in a nursing home). Health insurance refers to health insurance status at dialysis initiation. ESRD network = Network 5 (District of Columbia, Maryland, Virginia, and West Virginia), Network 6 (Georgia, North and South Carolina), Network 8 (Alabama, Mississippi, Tennessee), Network 11 (North and South Dakota, Minnesota, Wisconsin, Michigan) and Network 13 (Arkansas, Louisiana, Oklahoma). OR = Odds ratio. M odel components only included factors with p value ≤0.10 in the bivariate analyses for both AVF and gender. All GEE models account for facility clustering effects. Demographics = age and race. Comorbid condition and disability = diabetes as cause of ESRD, BMI, comorbid conditions (congestive heart failure, amputation, diabetes), disabilities (inability to ambulate, needs assistance with daily activities, resides in a nursing home). Health insurance refers to health insurance status at dialysis initiation. ESRD network = Network 5 (District of Columbia, Maryland, Virginia, and West Virginia), Network 6 (Georgia, North and South Carolina), Network 8 (Alabama, Mississippi, Tennessee), Network 11 (North and South Dakota, Minnesota, Wisconsin, Michigan) and Network 13 (Arkansas, Louisiana, Oklahoma). OR = Odds ratio.
In the multivariate logistic model that did not account for the grouping of incident patients within treatment centers, race persisted as a significant predictor of AVF use after controlling for patient demographics and health status at the initiation of dialysis ( table 2 ) . After controlling for demographic characteristics and health status, blacks remained less likely than whites to have an incident AVF [OR = 0.91 (0.85-0.99)]. After further adjustment for pre-ESRD nephrology care, race was no longer associated with incident AVF [OR = 1.00 (0.92-1.08)] and addition of health insurance, employment status and ESRD regional network did not change the lack of an association between race and AVF. In the GEE logistic model, which controlled for the similarities in AVF use among incident patients at individual treatment centers, the racial difference in AVF use was absent even in the unadjusted model [OR = 0.92 (0.85-1.00)], and addition of other patient covariates did not change the lack of association between race and AVF ( table 2 ) .
In contrast to racial differences in incident AVF use, gender differences persisted in logistic models after accounting for demographic factors, comorbid and disability conditions, pre-ESRD nephrology care, health insurance, and ESRD network. In the fully adjusted model, the OR comparing the odds of AVF use among females to the odds of AVF use among males was 0.63 (0.58-0.68) ( table 3 ). This finding was similar in the GEE logistic models with a fully adjusted OR of 0.64 (0.59-0.69).
Race-incident AVF interactions in stratified analyses (by age, gender, diabetes as primary cause of ESRD, presence of pre-ESRD care) and multivariable interactions were examined for each covariate. These interaction effects were not significant.
Other patient characteristics independently associated with incident AVF use included age, BMI, diabetes as the cause of ESRD, comorbid diabetes, congestive heart failure, amputation, inability to ambulate, needs assistance with daily activities, residence in a nursing home, health insurance status at dialysis initiation and pre-ESRD nephrology care ( table 4 ). The strongest predictor of AVF use at dialysis initiation was nephrology care prior to ESRD therapy. After controlling for other factors, patients who received nephrology care for more than 12 months before initiating hemodialysis were 16 times more likely to use an AVF [OR = 16.0 (13.25-19. 29)] at the start of dialysis than those who did not receive pre-ESRD nephrology care. Patients receiving care 6-12 months prior to dialysis initiation were 9 times more likely to use an AVF than those who did not receive pre-ESRD nephrology care [OR = 9.0 (7.45- a Referent category. b GEE model accounted for facility clustering effects and adjusted for race, gender, age, health insurance status at dialysis initiation, pre-ESRD nephrologist care, diabetes as cause of ESRD, BMI, comorbid conditions (CHF, amputation, diabetes), disabilities (inability to ambulate, needs assistance with DA, resides in a nursing home) and ESRD network. DA = Daily activity; CHF = congestive heart failure.
10.88)], while those receiving care ! 6 months prior to dialysis were 7 times more likely to use an AVF than those who did not receive pre-ESRD nephrology care [OR = 7.1 (5.73-8.88)].
Discussion
Our main finding is that racial differences observed in incident AVF use were reduced after accounting for patient demographics and health status, and eliminated when pre-ESRD nephrology care was accounted for in multivariate models. However, these models failed to account for patient similarities in AVF use within individual treatment centers and when this was accounted for, racial differences in incident AVF use were absent before adjusting for other patient characteristics. In contrast to race, gender differences in AVF use persisted after controlling for patient characteristics and accounting for within-center clustering of AVF use.
Previous studies have found variable associations between race, gender and AVF use. Stehman-Breen et al. [14] found that race was not a significant predictor of AVF use, but gender persisted as a predictor of permanent vascular access use in the adjusted model. However, the number of nephrology visits prior to ESRD therapy was the strongest predictor of permanent vascular access use (AVF or AVG vs. catheter) at the start of hemodialysis. Astor et al. [13] found that neither race nor gender were significant predictors of permanent vascular access use, but found that the earlier the referral to a nephrologist, the more likely a permanent vascular access was used at the start of hemodialysis. Port et al. [10] used data from an international study of dialysis patients, DOPPS, and found that male gender, early pre-ESRD nephrology care and not having a surgery trainee perform or assist in placing the permanent access were associated with an increased likelihood of AVF versus AVG use among incident hemodialysis patients. They also found that gender, history of angina, pre-ESRD nephrology care and time from referral for access to access placement were associated with permanent access (AVF or AVG vs. catheter) use among incident patients. Hirth et al. [18] used USRDS data and found that the type of permanent vascular access (AVF vs. AVG) used among incident hemodialysis patients was associated with gender, comorbid conditions, health insurance and geographic region. Our finding of an absence of racial differences in incident AVF use are consistent with these earlier studies and raise the hypothesis that local variations in pre-ESRD nephrology care associated with individual treatment centers may contribute to the small racial differences in incident AVF use, which were noted in our models prior to the adjustment for pre-ESRD nephrology care in the logistic model and within treatment center clustering in the GEE model.
We found that females were 36% less likely than males to use an AVF at dialysis initiation. Several studies report that females are more likely to use an AVG or central venous catheter than an AVF [11, 12, 19, 20] . Vein caliber does not appear to differ by gender, and in two singlecenter studies, there was no gender difference in the likelihood of pre-ESRD vascular access placement [21, 22] . However, females with an AVF experience a greater number of early vascular access-related procedures presumably to promote AVF maturation, and may experience poorer AVF maturation and AVF dysfunction [19, [22] [23] [24] [25] .
Additional factors which may influence the observed gender differences in incident AVF use include nephrology or surgical bias toward AVG placement in women, patient reluctance to undergo AVF surgery and surgical referral time.
Several limitations of our study should be noted. We are limited to available covariates from the Medicare 2728 form, and therefore lack information on additional factors thought to influence permanent vascular access use, such as nephrologist or surgeon preference for vascular access type or patient participation in decision making. Data misclassification for some of the variables, such as comorbid conditions and pre-ESRD care, may exist due to patient data reporting by ESRD facility staff rather than the patient. A previous study using CMS 2728 data found that comorbid conditions reported on the 2728 form were underreported [26] . The data we used were cross-sectional, so we were only able to assess the prevalence of AVF use among an incident hemodialysis cohort rather than the rate of AVF use over time. By only examining the type of vascular access used at dialysis initiation, we may be overestimating the effect of pre-ESRD nephrology care and other factors on AVF use in the first months of dialysis therapy. We did not have any information on the quality or intensity of care by nephrologists after the patient was referred to them, so we could not assess the effect of nephrology health care practices on AVF use at dialysis initiation. Further, we lack data addressing local practice patterns of AVF creation, provision of pre-dialysis education, and reasons for ESRD network variation in incident AVF use. We did not have any information on the presence of AVFs that failed to mature among our patient population, so we were unable to evaluate the impact of this factor on AVF use at dialysis initiation.
While our cohort is limited to five ESRD renal networks, our data has several strengths. The size of our patient cohort is one of the largest studied in the area of hemodialysis vascular access, has significant representation of black patients (45.7%), and comparable incident AVF use to that reported nationally, allowing for generalization of our results to the US hemodialysis population. This study extends the observation that pre-ESRD nephrology care is strongly associated with AVF use among incident hemodialysis patients. Additionally, this study is one of few to assess the association between patient demographic, health status, health insurance, pre-ESRD care and geographic region on racial and gender differences in AVF use among incident dialysis patients. Finally, we used GEE to adjust for facility clustering effects on AVF use, which produced unbiased robust standard errors.
In summary, patient demographics, health status, pre-ESRD nephrology care and health insurance are associated with incident AVF use, and controlling for these factors accounts for racial, but not gender, differences observed at the start of hemodialysis therapy. Future studies should assess the role of factors, such as intensity of pre-ESRD care, nephrology practice patterns, patient knowledge of renal replacement therapy, patient knowledge of preferred vascular access type and physician-patient interaction in ESRD preparation activities, in promoting AVF creation and maturation prior to the start of dialysis therapy as well as the effect of these factors on gender differences in AVF use at dialysis initiation. These factors may provide useful avenues of intervention to improve AVF use among incident hemodialysis patients.
